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ABSTR且CT
Atm o 8Phe r-ic fin epa rtlcle s, a e r o s ols le s stha n2L m in dia m ete r, w e r
te
col le cted o nfilte r s a nd cheTnic ally a n alyz ed in Sappo r
■
o, Okina w aisla nd in
Japan a nd E8ter
- Do me
,
Ala ska in ロ･ S･ A ･ They w e re m ade up of nin e
compo n e nts 畠u Ch a s ele m e ntal c a r■bo n, o r-ga nic B, S ulfate, nitr
-ate, a m m o niu m,
sea
- s al tc at io n s, s oila nd w ate r.
Ba日ed o n the chetnic al char･a cter･iz atio n, it w a s a B B u m ed t hat atmosphe r-
ic a e r o s ols c o mpr･is e s e v e n Elpe Cie s of pa rticle s s u ch a s elem e ntal c a rbo n,
or･ga nic 8, a mm O niu nl S ulfate, a m m o niu m nitr ate, s e a
-
s alt, s oilpa r-ticles a nd
mix ed nuclei which have in n e r c o r･e of ele m e ntal c a r･bo n a nd o ute r' shellof
s ul fate . Using log- n o r m al sLiz ediBtr･ibutio n, c o mplex inde立 of r
.efr a c七io n
a nd attno BPhe ric c o n c e ntr atio n s of ea ch che mic al specie spar
-title s, single
scatte ring albedo a nd v oluロIe e Xtirl Ctio n c o efficie nt of a e r o s ols w e r e
e v alu ated by c alc ulation wi th Mie s c atte ring t he o ry･
Keyw o rds; che mic al chara cter
･iz atio n of a e r o s ols, Mi占 s c at te ring the o r
･
y,
single s catte ring albedo, v olu m e e xt inct io n c o efficie nt,
mix ed n uclei
1 . 工ⅣTRODロCT工0Ⅳ
In r･emote s e n sing of o c e a n colo r
l
, V egetatio n o r
- s u rfa c e r efle ctivi ty
of la nd s urfa c e,
distri butio n a nd
it i8 difficult
,
a handy m e a s u r
-ing
single scat ter'ing
phe rLic a ero sols .
it is n e c e s s a rly tO dete mline optic al thickn ess, Bil e
single s c attering
in par■tic ula r
-
, to
in str u m e nt . We
al bedo ba s ed o n
albedo of atm o革Phe ric a e p o B OIs. But,
mea s ur ethe single s c att･e ping albedo by
hav ede veloped a m ethod to e st imate the
che mical chaf-acte riz at io n of the atm o s-
In this pape r, w epr e s e nt the che mic al cha r
-
a cte rliz atio n
of- attn o spher
･ic ae r o s ols, a nd e v aluatio n of the single 8 C at te r
Ling albedo
ba sed on the cha r a cte r･iz atio n in Sap po r oa nd Okin a w aisla nd in Japa n, a nd
Este r- Do me n ea r Fairba nks , Ala ska in tJ. S.A.
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2. C HEMICAL CHAR且CTERIZ且T ION OF ATMOSPIIERIC AEROSOLSN S且P POR
2.1 . Expe r
■im e Ⅱtal
Atm o sphe I
-ic fin epa rticle sl a e r o sols le s stha n2〃 m in dia m ete r･ w er e
c olle cted o n tw otype s of filte r s s u ch a 8Teflo n a nd qu a r
･tz fi be r filte r･s
8in ulta n e o u sly, equipped with a cyclo n e S epar ator
- Who s e 50%
m ete r w a s2 LL m at a flo w r ate of 20R tnin‾
-
･ The s amplings
o ut e v e ry halfm o nth, c o ntin u o u sly fo r 川 day8 , fr
'o FINo v e mbe r
Octobe r 1992 o n a r o of top of ou r offic ebuil ding at a height
c ut off dia -
w e re c a r ried
1 91 to
of 26m abo v e
the gr o u nd in the Univ e I､Bity Campu sin Sappor
LO I
We an alyzed Che mical BPeCie s of the i
-in epa r･ticle B C Olle c ed o nboth
Teflo n a nd qu a r･tz fibe r
･ filte r･s a sin Ohta a nd Okl ta (19 90) e xcept foI-
total pa r･tic ulate m a s s(TPM), w ate r c o nte nt and alu min u m(且1)･ T PMw a s
dete r min ed by w eighing Teflo nfilte r s o n a nele ctric bala n c ein a dry bo x
with silic agel. Befo r e a nd afte r the s a mpling, the Teflo nfilte r
-a w e r■e
leftin the dr･y bo xfo r･ m o r etha n2吐 hour 8 at a r
Lelativ ehumi dity le s s
tha n30% , and the n w eighed the mby the ele ctr
■ic bala n c e･
The a m o u nt of w ate r a s 8 0 Ciated with a e r o s ols o n the Teflo nfilte r w a s
dete r 耶in ed by Ear
l トFi8 Che r m et hod. The w ate r w a sv apo r■iz ed in a w ate rl
e v apo r ato p, intr
l
Odu c ed in a n aqu a
-
c o u nte r, a nd ti tlated c o ulo m etric ally in
the Ka rl -Fis che r r e age nt s olut,io n.
- We u s ed Ala s atr a c e r m ate rial of s oil. The am o u nt of Alo n the
s a mpled Teflo nfilte r- w a sdete r'min ed with pa rticle indu c ed X- r ay e mis sio n
(PI玉E) m ethod (Ka s aha r a et al. , 1993).
2.2. RESロLTS
Atm o 8phe pic c o n c e ntr-at io n s of che mic al c o mpo n e nts of
deter■min ed in ele m e ntal c a rbo n(EC), or-ga nic c a rbo n(OC)
nitr･ate (NOヨ‾), a m mO ni um (N払
＋
), chlo r･ide
(Ca◆), alminum (A1) a nd w ate rL .
By u sing abo v e p e s ult8 , W e C alculated
c o n c e ntr atio n sin the atm osphe r e.
The a m o u nt C)f- or-ganic s w a sdete r Ⅶin ed
o rga nic c a r.bo n(OC) by l . 20 acc o r'ding to
(C1‾), s odiu m
the fol lo wing
by m ultiplying
the a e r o s ols w e r e
,
s ul fate (SOb 21),
(Na＋), c alsiu m
chemic al 8pe Cie 8
the aⅡlOu nt Of
■
Counte s s et a1.(1980)
Orga nic s = l .20 x OC.
阿e de not,ed SS. Cias the s u皿 Of s e a- salt catio n B(Na' , Mg2
'
, Ca
2 '
, K
'
and Sr2 ◆). Since Na＋ con 8i∈;t8 0f 83.7% of
-
the
o n s
,
w e ob tain ed SS.Ci a sfollo w s,
SS .Ci = (l/0.837)xNa' .
The m a s sfrLaCt ion of 且I in Sappo r o s oilw a s
1990). The a mou nt Of s oil pa rticle s w a s, the n,
Soilpa rticle s = (l/0. 086)× A1.
Figur el sho tJS S e mim o nthly m a s sbala n c e of
ln Sappo r
■
o .
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s u m of the 8ea - S altc ati-
8. 60/o (Ohta a nd Oki ta,
calc ulated by
atmo革Phe ric fin e part icle s
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Fig1 Se mim o nt hly rn a sB bala n c e of atn o sphe r
･ic f
-
in epa rticle sin Sap po r
■o
fr om Nove mbe r1 991 to Octobe r1992 . TPM, ss . Cia nd ECa r'e s e mim o nthly
c o n c e ntr atio n s of totla paY･tlc ulate m a B 8, the s u m of s e a
- s altc atio n s
a nd ele m e ntal c a rbo n, r･e spe ctiv ely. Sampling pe r
'iodB , e ･ g ･ Nfa nd Ns
r eprLe S e nt the fir st and s e c o nd halfof No v e mbe r
･
･
rle SPe Qtiv ely･
we defin ed the s umt,o乞al of che mic al compo n e nts (TCC) a苧
TCC= EC(ele me ntal car･bon) ＋ OC＋ SO4
2 ＋ ＋ pNOヨ‾ ＋ CI
-
十 NH4
'
＋ SS.Ci ＋ s oilpa rticle ＋ w ate r
'
The r･atio of the B urntotal of che mic al c o mpon e nts (TCC)to the total
pa r
Ltic ulate m a s s(TPM) r･a nged f
'
r o m90 to l16 % . We, thu s, c o n cluded that
atnlO Sphe ric fin epa r
･ticle sin Sappo p o alm o st c o n sisted of nin e c o mpo n e nts
s u ch a 畠 ele m e ntal c a r･bo n, or･ga nic B, SO吐
2 1
,
NO,
-
I C1ー , NfIA
'
･
S e a- S alt
catio n s, s oilpa rticle s a nd w ate r･ Unde rthe c o nditio n of I
-elativ e
hu midi ty le s stha n30% , in pa r
Lt ic ula rL, the w ate r c o nte nt W a s n egligible .
3. C冗EMIC且L CBARACTERIZATION OF ATMOSPHERIC AEROSOLS IN
且ND ESTERI DOME, 且LASE且.
we m e a s ur ed atm o sphe ric co n c e ntr atio n s of che mical
pa rticle s, a e r o 3 018 le s stha n2Jlm in dia mete r,･ w e ekly
septe mbe r1996 at Okin a w aisla nd in Japa n･ a nd m o nthly
OKIN 且W且 工SLAND
spe cie s of f
-
in 企
fr-o mMay 1995to
fr o mAugu st 1991 to
Augu st 1992 at Ester
- Dotne ne a rFairba nks･ Alaska･ U･S･A･ The chemical
cha r acte r･1z atio n of the fine pa rt icle s at Okin a w aisla nd a nd Eate r
-DoEne
a re shown in Figu r e2 a nd 3, r e Bpe Ct lv ely.
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Fig.2 Che mic al cha r a cte riz atio n of atm o sphe ric fin epa rticle s
in Okin a w aisla nd.
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Fig.3 Che mic al cha r-acte riz atio n of atF)08Phe r■ic f in eparticle s
at Este rL - Do m e ne arI FairLba nkB in 且1a ska .
也. EVA LロATIOⅣ OF OPTICAL PROPERTIES O F ATMOSPHE RIC AEROSOLS BASED O N
Cr正MIC且L CHARACTERIZATIOⅣ
On the basis 0f the che mic al cha r a cte riz at io n
,
w e as su m ed that atrn o s-
phe rlic a e r o s ols had tw okinds 0f mixing c o nditio n S u ch a s e xter･nal mixtu re
a nd inte r n al halfmixtu re . The e】(te r■n al mi】くtu r e CO Ⅲ1pris e s six spe cie s of
- 20 -
pa rticle s s u ch a s elern e ntal c a rborl(EC), o r･ga nic s, (NE.)2SO ‥ Ⅳ払NO, , Bea -
salt a nd s oilpa rticle s. Whe r-G a sinternal halfmixtu r e c o ntain s mix ed
n u clei in additio nto abo v e six spe cie s of ho Ⅱ】oge n e o u 8pa rticle s. The
mix ed n uclei a r e a s s u med to ha ve a nirlrl e r C O r･e Of eleTn e ntal c a rtbo n a nd
outer･ shelユof s ulfate, for･m ed with hal fa m o u nt Of ECa nd halfa m o u nt of
s ulfate in the atm o sphe re .
The pa rticles of ele m e ntal c a rbon , o rga nlc s, (NH4)2 SO‥ NH七NOヨ a nd the
mixed n u clei belo ng to the fin epa rticle sles s tha n 2Jl m in dia m ete r a nd
s e a
-
salt a nd s oilpa rticles belorlg tO the c o a r s epa rticle s which had a
si2:e distr-ibut lo n in v olu me wi t ha pe ak in the 2- 20LLEn Pegio n･
We adopted the size di8trl bution of e a ch spe cie s of pa r
lticle s a 8
log- n o r m al in nurnbe r■ distribution,
dN/dlnD = No/( √27rln o･ G) I eXP卜(1nD - 1nDG F)2/(21n2 o･ ｡)]
where dN Is the n u mbe rl de nz5ity of particle s of dia m ete rbetwe en D a ndI〕＋dD,
No is the total n u mber- den sity, D= is the ge o【netric nu mbe r
-
m e a ndia 血et.erL
and crG is the ge o m etric standard de viatio n of the diBtr･ibutio rl.
The ge o m etrlic n umbe rL m e andiatn ete r and the Sta nda rd de viation wer■e
a sBuLn ed to be 0.l lJJtn a nd 2.10 for
･ the fin epa rticle s, and 0.98LLm a nd
2. 15 fo rthe c o a r'8 ePa rticle s, r e spe ctiv ely. We to ok a c c o u nt of the
c o ndensat io n al gr o wt.h of hygr o scopic par
lt icle s s u ch a s(NHh)2Sob , N払NO】
a rid se a- Salt fo r m o nthly Cle a n relativ eh umidity. The gr o wthof e a ch
spe cie s of par
Lticle s w a s c al ulated a c c or-ding to the e xpe rim e ntal studie s
by Ta ng et a1.(1 97 7).
Since w e s a mpled a e r o s ols by the syste m equipped with the cyclo n e s epa
-
rator who s e50% c ut, off dia meter
-
wa s2LLm, We ⅡIe a S ur ed the whole f
■in e
par･t icle s, but o nly s m all fr actio n of the c o a r
LSe pa rticle s･
The c o mple xinde x of r ef
-
rLa Ctio n at 0. 50JJ m
be l. 50- 0. 55i f
■
o r- EC, 1.55- 0. 00 i fo r o rga nic s.
NH.NO3 a nd s e a- s alt, a nd 1.55
- 0.008i fo r■ s oil
ロ8ing abo v e siz edistr
■ibutlo n arid c o mple x
specie s of pa r
-ticle B i
,
the v olu m eextin ctio n
w a v el ngthwas aSETu med to
1 ･55- 0
^
･00i for- (NtIA)2SO=
par
-ticle8 .
inde x of refr a ctio nfo r e ach
coefficie nts o･ El a nd the
v olu m e s c atte ring c o efficle nt o･ s I W e r e C alculated by.the Mie s c at te r
Ling
theo ry, Thos efor
･ the mix ed n u clei w e c alc ulated follo wing To o n a nd
且cke r■ma n (1981).
Thu s, the total v olum e e xtin ction c o efficie nt o
･
E Of
■ the atm osphe ric
a er o s ols w a sob tain ed a sthe B urn Of v olu m e e xtin ct iorl c o efficie nts of e ach
spe cies Of particle s o
･
E ‥
o, E
= ∑ 0･ E l I
a nd the total v ol um e s c atterLing c o efficierlt o
･
s W a s Sinila rLly ob tain ed a s
o
･
s
= ∑ o･ s l .
The single s c at te ring albedo (J Of the atm o sphe ric a er
■o s o1日 Wa S
defin ed a s the r atio of the total volu m e sc at te r･ing co efficie nt to the
total v olu m e e xt in ctlorl COeff
-icie nt
,
cL)
=
0
･
s / OI E .
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5. O PT ICAL P ROPE RTIES OF ATMOSPHERIC1 AE ROSOLS
Figu r
L
e S吐 a nd 5 Show the s e mim o nthly m e a n single s c at te ring albedo a nd
v olu m e e xtin ctio n coef ficient of the atm o spher･ic a e r o s ols in e xter･n a1
mixtu r e a nd inter n al hal ftnixtu r e, r e spe ctiv ely, at the w a vele ngth
LL m in Sappo r･o fr o FINov e Ⅱ】be p1 99l
L
to octobe rt 1992. In Figu r･e 山 the
s c at te ring albedo a nd the v olu m e e xtinctio n co efficie nt in e xter n al
mixtu r e r a nged fr'om 0. 73 to 0.85 a nd fr･otn5.8 ×10‾7 to l.LL7 × 1 0‾8
r-e spe ctiv ely. In the c alc ulatio n the r e w e r e n o mix ed n u clei, that
ECa nd s ul fate s u spe nded in is olat io nin the atm o sphe r･e . Wher e a s.
of 0.5
single
e m
‾
■
,
is
,
1n the
inte r n al hal fmixtlRle Show n lrlFigur･e 5 wh ich had mix ed n uclei fo r m ed wi t h
hal fa m o u nt of ECa nd halfa m o u nt of s ulfate in the atIコO革Phe r e, the Single
S C atte ring albedo a nd the v olu m e e xtinctio n c o efficierlt r･a nged fr o mO.68
to O･78 a nd fr'o m5･ 8× 10
‾ 7 to 1. 46×10
- 6
c m‾l , r e spe ct iv ely. Thus ,.the
c alc ulated single 8C atte ring albedo de c r e a s ed by 0. 05 to 0.07 c o mpar ed
wi th that in the e xte rLn a.1 mixtu r e.
Figur 6 8ho w 8 W e ekly single s c at te r･ing albedo a nd v olu m e e xtin ct io n
c o efficie nt of atm o sphe ric･a e r o s ols in inte rnal halfmixtur･e in Okin a w a
isla nd･ The single s c at te ring albedo a nd v olu m e e xtinct io n c o efficient
r-a nge血 fr･o mO180 to O･95a nd l･ 5×10
1 7 to 8･ 0 ×1 0
- 7 cm
- 1
, r e spe ct iv ely･
Whe r e a 81 in e xte rn al mixtu r e c o nditio n, the single s c at te ring albedo
in c p e a B ed in the r a nge of 0.87 to 0. 97,
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Hlixtu r-e in Sappo r o
- 22 -
1, 0 0E
- 5
1 . 00E- 6
1. 00E-7
1 . 00E-8
i
O
＋+
>く
q )
ら
- - - + I
I -
1
0. 9
0
.
8
0.7
0. 6
0･ 5 E
o
0. 4
0. 3
0.2
0.1
0
Nf Ns Df Ds JfJs Ff Fs Mf Ms A f^ s Mf At6 Jf Js JfJs Af As S f Ss Of Os
1991 1 992
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Fig16 We ekly me an single 5C at te ring
albedo a nd volume extin ctio n
c oefficie nt of atm o spheric a ero sols in inte r n al half
mixtu r ein
Okin a w aisla nd.
Figu r e7 sho w sthe m o nthly m e a nSingle
s c atte ring albedo a nd v olu m e
e xtin ctio n c o efficie nt, of atm o sphe ric a e r os ols in inte r
･n al half tnixtur e
at Este r･ -Do m e, Ala ska･ The single s c at te ring albed
o r a nged fr o mO 183 to
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Fig.7 Mo nthly mea n single B C atte r
'ing albedo and v olume 白玉t in ct io n
co efficie nt of atm o sphe ric a e r･o s oIB in inte r
-n al halfmixt ur e
at Eate r- Do m e n e a rFairba nks , Ala ska .
o.92 a nd fr･o m5.2 ×1 0
- 8 to 1. 7 ×
+1
c m
- 1
, r e 8pe etiv ely. In the e xte r
･n a1
mixt ur e c o nditio n,
We fo u nd that
8Cat te r■ing albedo
mitu r eae rlO S OIs .
c e ntr atio n of the
the single s c a℃t,e r
Ling albedo r
･
a nged fr
'
o m O 188to O･96,
the r e w e r･ dif fe rle n C e S Of 0.Oil tO 0. 07in the single
betw e e nin the exte r n al mi】くtur e a nd t he inte r n al half
Thu ei i t is impo r■ta nt, her-e afte r, to dete r■min ethe con
-
mixed n u clei in the atm o Bphe r■e .
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